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Summary.-Recent data on extrapulmonary colony formation after heparin administration are inconclusive. A systematic study of this topic was undertaken with 4 experimental tumour systems and 2 distinct periods of reduced clotting capacity in rats and mice. I.v. injection of various numbers of tumour cells into i.p. heparinized animals leads to:
(1) Significant reduction in the number of lung colonies. The effect after 9 h anticoagulation is equal to or probably greater than after 2 h.
(2) The reduction in the number of lung colonies caused by heparin is independent of the number of cells injected.
(3) The number of extrapulmonary extrathoracic colonies is significantly increased by heparin in 3 of the 4 tumour systems.
(4) The number of extrapulmonary intrathoracic colonies is probably unaffected.
(5) The increase in extrapulmonary extrathoracic colony formation is not related to the degree of reduction in lung colonies.
These data lead to the conclusion that the capacity of the lung capillaries to trap tumour cells can be decreased by heparin-induced alterations in fibrin formation. This results in a lodgement of tumour cells throughout the body which is far more pronounced than in animals with normal clotting capacity.
IT HAS (Hilgard and Thornes, 1976; Hilgard et al., 1977) . It seems logical to explain these findings by postulating reduced lodgement of circulating tumour cells in the lung. This raises the question whether cells which do not lodge in the lungs are distributed through the rest of the body and cause tumour growth elsewhere. A limited number of reports in the literature claim an increase in secondary tumours outside the lungs as a result of anticoagulation (Lawrence, Moore and Bernstein, 1953; Boeryd, 1965; Hagmar and Boeryd, 1969) . Many others, however, could not find such an increase. Reviewing them (in Table V Tumour-bearing animals were killed by breathing CO2. The tumour was removed and all necrotic material and blood clots were cut away. After weighing, this cleaned tumour material was minced in a small amount of sterile PBS (Ca++ and Mg++ free, pH 7-4, osmolarity 300 mOs/l) and exposed to 10 ml trypsin solution (trypsin NBCO 0.25% in Sol A according to Puck, Marcus and Cieciura, 1956 ) per gram tissue. The mixture was allowed to stand for 30 min at room temperature with occasional shaking. The supernatant was filtered through a 4-ply nylon gauze and discarded. Microscopically, this material consists almost entirely of dead tumour cells and debris. The remaining tissue fragments were then resuspended in fresh trypsin solution in the same proportion and agitated for 60 min at room temperature in a sterile trypsinization vessel on a magnetic stirrer. After passage through a nylon filter (-50 ,um opening) the cell suspension was centrifuged at 200 g for 15 min at 0°C. The cell pellet was then resuspended in sterile ice-cold PBS, after the addition of 0-1 ml foetal calf serum per 10 ml trypsin solution to inhibit the trypsin. The centrifugation procedure was repeated twice. All subsequent handlings were performed at 0OC.
This method of preparation usually yields always 0-5 ml, for both mice and rats. To ensure an adequately reduced blood coagulability at the time of administration of tumour cells, the heparin was injected i.p. 1 h before. The animals were allowed to survive for varying periods of time after cell inoculation, depending on the growth rate of the tumour, usually between 17 and 25 days. They were then killed by breathing C02, skinned, and thoroughly examined macroscopically. All macroscopic tumour nodules throughout the body, including relevant organs such as liver, spleen, kidneys, adrenals sternum, heart, brain and various lymph nodes, were taken out for histological examination. The lungs were removed and fixed in Bouin's-solution. After a few days, lung colonies could be counted macroscopically.
Scoring system.-Lung colonies were counted with the aid of a magnifying lens; colonies measuring less than 0-2 mm were not counted. Extrapulmonary tumour deposits were divided into two groups, intra-and extrathoracic. The first group (EIC) were restricted to the inner walls of the thorax including diaphragm, pleural membranes, heart with pericardium and mediastinal area. The second group (EEC) occurred at all other sites in the body, including the outer walls of the thorax and excluding the diaphragm.
RESULTS
The degree of hypocoagulation after heparin administration as measured by lungs after heparin-induced anticoagulation. Table II Period of impaired coagulation 2h 9h 1-0 ± 0*2 2-8 0.5 5-3 ± 1-0 0-2 ± 0-1 (16) 6-7 ± 2-3 (70) 4-1 1-3 (70) 2-5 ± 0-5 (66) 1-4 ± 0-2 (60) 1-2 ± 0.5 (50) 1-1 -4-0-5 1-3 ± 0-4 1.9 ± 0.5 2-1 ± 0-5 (50) 3-8 ± 0 9 (75) 0-6 ± 0*5 (11) 0-9 ± 0-2 (30) 2-6 ± 0-5 (88) 0-2 independent of the number of cells injected. They were mainly found in the muscles of all four limbs, the abdominal wall and intercostal muscles. To a lesser degree, tumour growth was found in parenchymal organs such as kidneys, liver and adrenals. The extrapulmonary intrathoracic colonies were located mainly in the mediastinum and at the pleural membranes, though the heart was also frequently involved. Tumour nodules were never found in the brain.
1)1DSCU SSION
The effect of sodium heparin on the dissemination of i.v. injected tumour cells has been described by a limited number of authors. Their experiments, when comparable, appear to be contradictory, at least in respect of extrapulmonary growth of tumour cells (see Table V ).
Several of these reports (Fisher and Fisher, 1961; Agostino, 1962, 1963; Retik et al., 1962 1956; Boeryd, 1966; Hagmar, 1969; Suemasu and Ishikawa, 1970) Boeryd (1965 Boeryd ( , 1966 and Hagmar and Boeryd (1969) , using two different mouse tumour systems, also found a redistribution of i.v. introduced tumour cells to extrapulmonary spaces after treatment with heparin. On the other hand, Wood (1964) observed a decrease in extrapulmonary tumour nodules after V2 ascites tumour-cell injection into plasmin-treated rabbits. It should be noted that all 4 tumour systems that we tested showed a significant reduction in the number of lung colonies. The effect after 9 h anticoagulation is equal to (B16) or not much greater (3LL, astrocytoma and Schwannoma) than after 2 h. This indicates that the final number of tumour cells which are lodged in the lung capillaries is determined more by the haematological situation at the time of injection and during the following 2 h than at any later time. This is confirmed by cell-labelling studies (Brown, 1973) . The relative reduction in the number of lung colonies, caused by heparin, is independent of the number of cells injected. Even very large numbers of tumour cells (5 x 106) show the same effects after injection.
In 3 of the 4 tested tumour systems, we observe that the numnber of EECs is significantly increased. Moreover, this increase is not related to the number of cells injected. EIC formation was unaffected by heparin treatment. Critical examination of these results supports the idea of redistribution of tumour cells after i.v. injection into heparinized recipients. The mechanism of lodgement of tumour cells in blood capillaries is closely related to blood coagulation factors. Free circulating cancer cells adhere to the capillary vascular endothelium. In experimental systems where tumour cells are introduced i.v., this is followed by rapid formation of a coagulum, which consists of fibrin and platelets, around the tumour cells (Chew and Wallace, 1976; Warren, 1976) . After the adjacent capillary wall has been made passable, the tumour cell penetrates into the perivascular tissues where metastatic growth occurs. Since heparin is a potent inhibitor of in vivo fibrin formation, the sticking of tumour cells to the vascular endothelium can be largely prevented by heparin. The majority of tumour cells Hewitt and Blake (1975) . Furthermore one might question why only extrathoracic growth is enhanced by heparin treatment, and intrathoracic extrapulmonary growth remains unaffected. A possible explanation is that the EEC formation is a result of only haematogenous spread whereas EIC spread could follow lymphatic pathways. The intra-aortic injection of 51Cr-labelled Walker tumour cells into SIV-S0 rats resulted in the appearance of labelled tumour cells in the thoracic duct (Hilgard et al., 1972) . Since heparin is not effective in lymphatics, the spread of tumour cells in lymphatic vessels may similarly remain unaffected, thus explaining the absence of any increase in extrapulmonary intrathoracic growth.
This study has shown a significant increase in EEC formation in heparinized animals. It should be stressed that this increase was not dependent on the number of tumour cells injected. Even small numbers of cells, producing small numbers of lung colonies, are still able to give rise to extrapulmonary growth to the same degree as is found when large numbers of cells are injected. This finding supports the idea of impaired coagulation-associated lodging rather than the hypothesis of dose-dependent overflow.
